myocardial infarction. 11 Nevertheless, cardiopulmonary bypass (CPB) has also been shown to promote formation of microemboli consisting of fibrin, activated leukocytes, and aggregated platelets. Consequently, the resulting microvascular plugging with leukocytes and activated platelets may be pivotal in the pathogenesis of postoperative AKI, 12 similarly as it has been observed in sepsis-induced kidney injury. In addition, recent evidence supports the role of platelets as potent and ubiquitously present sources of inflammatory activation, 13, 14 in defining endothelial responses and neutrophil recruitment in ischemia-reperfusion injury including distant organ injury 15 and postischemic renal failure. 16 It is noteworthy that thrombocytopenia is one of the most common laboratory abnormalities in critically ill patients and has been attributed in this setting to increased platelet destruction (immune and nonimmune), hemodilution, platelet sequestration, or decreased production. Importantly, such thrombocytopenia is closely associated with prolonged intensive care unit length of stay, reduced survival, and increased incidence of AKI. 17, 18 Although a significant decrease in platelet counts is prevalent after CPB, the implications of this finding have never been comprehensively examined in a cardiac surgical patient cohort. Therefore, in the current study, we characterized the incidence and course of postoperative thrombocytopenia in a cohort of patients who underwent coronary artery bypass grafting (CABG) surgery. Our objective was to determine whether a decrease in platelet count after CABG surgery is independently associated with increased risk for postoperative AKI and mortality.
Materials and Methods

Study Population
After approval by the Institutional Review Board for Clinical Investigations, Duke University Medical Center, Durham, North Carolina, we conducted this retrospective observational study on patients older than 18 yr who underwent CABG surgery with CPB at the Duke University Medical Center (Durham, North Carolina) from January 1, 2001, to November 30, 2009 . From this group of 5,339 patients, we excluded patients who had off-pump CABG (n = 759), emergency surgery (n = 308), a concomitant procedure other than CABG (n = 2), a second cardiac surgery during the same hospital stay (n = 43), missing platelet counts (n = 7), or missing pre-and postoperative serum creatinine values (n = 3). The remaining 4,217 were included in the current study.
Data Collection
A standard set of perioperative data were collected from the Duke University Medical Center databases, including the Duke Perioperative Electronic Database (Innovian ® Anesthesia; Draeger Medical Inc., USA), Cardiac Surgery Quality Assurance Database, Duke Databank for Cardiovascular Diseases, and the patients' electronic medical records. Two independent investigators (M.D.K. and W.D.W.) verified the data quality by performing regular crosschecks for completeness and consistency between the data set assembled and the information available from the Duke databases.
Clinical Risk Factors
The clinical risk factors for postoperative AKI and all-cause mortality included patient characteristics, preoperative and intraoperative cardiovascular medication use, the European System for Cardiac Operative Risk Evaluation score (EuroS-CORE), 19 CPB and aortic cross-clamp time, insertion of intraoperative balloon pump, intraoperative and postoperative blood transfusions, preoperative and postoperative serum creatinine values, and platelet counts. According to the institutional practice, preoperative antiplatelet therapy with aspirin was maintained until the day before surgery; clopidogrel was discontinued for 7 days or longer before surgery; and warfarin was discontinued 4 days before surgery and "bridged" with IV heparin infusion.
Serum creatinine was measured preoperatively in the Duke Clinical Pathology Laboratory and for the first 10 days postoperatively per institutional protocol, as described by Sickeler et al. 20 The normal range was 0.4 to 1.0 mg/dl (31 to 76 μM) for women and 0.6 to 1.3 mg/dl (46 to 99 μM) for men. Preoperative serum creatinine values were recorded during the week before the index CABG procedure, on the day that was closest to, but not on the day of, surgery. 20 Per institutional protocol, platelet counts were also measured preoperatively in the Duke Clinical Pathology Laboratory and for the first 10 days postoperatively or until discharge, whichever came first. Minimum (nadir) platelet counts were defined as the lowest in-hospital values measured for the first 10 postoperative days or until the day of hospital discharge and were subsequently used as a continuous predictor of postoperative AKI and mortality. Furthermore, postoperative nadir values in the lowest 10th percentile were used as a categorical predictor and as a threshold for clinical characterization of those patients with the most profound postoperative thrombocytopenia.
Similarly, serum hemoglobin concentrations were measured per institutional protocol preoperatively and for the first 10 days postoperatively or until discharge, whichever came first. Minimum (nadir) serum hemoglobin concentrations were defined as the lowest in-hospital values measured over the first 10 postoperative days or to day of hospital discharge and were subsequently used as adjustment variables in our analyses of postoperative AKI and mortality.
Classification of Outcomes
The primary outcome chosen was AKI, ascertained and categorized according to the Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines 21 with modification due to the absence of urine output data. In brief, postoperative AKI was defined by using preoperative serum creatinine values (baseline) that were collected 3 days before surgery PERIOPERATIVE MEDICINE and all available serum creatinine values that were measured for the first 10 days postoperatively or until discharge, whichever came first. The presence of postoperative AKI was ascertained when there was postoperative serum creatinine increase of 50% or greater in the first 10 postoperative days or 0.3 mg/dl (26.5 μM) increase detected using a rolling 48-h window across the 10-day postoperative period. A staging characterization of postoperative AKI was also generated as follows: (1) stage I-risk: those meeting the AKI criteria but not as severe as stages II and III; (2) stage II-injury: those with 2.0-to 2.9-fold increase in serum creatinine (i.e., 100 to 200% increase) within 10 days; (3) stage III-failure: those with 3.0-fold or greater increase in serum creatinine (i.e., 200% or greater increase) within 10 days or 4 mg/dl or greater (353.6 μM) increase in a rolling 48-h window. The secondary outcome was long-term all-cause mortality. Survival information for the secondary outcomes was obtained from the Duke Clinical Research Institute Followup Services Group, which is responsible for collecting annual follow-up data on death for the Duke Databank for Cardiovascular Diseases. 22 Statistics Summary statistics are presented as means (± SD) or medians (interquartile range) for continuous variables or as group frequencies and percentages for categorical variables. Wilcoxon Rank Sum or chi-square tests were used for descriptive group comparisons of those with and without thrombocytopenia.
Univariable and multivariable logistic regression models were applied to evaluate the association between clinical risk factors, as described under "Clinical Risk Factors," and postoperative AKI. Univariable associations with a P value of less than 0.10 were evaluated by means of a forward stepwise technique to derive the final multivariate logistic regression model containing variables with P value less than 0.05. Continuous variables (i.e., age, serum creatinine values, hemoglobin and platelet counts, EuroSCORE, and duration of CPB time) were evaluated for nonlinearity by using empirical logit plots on the deciles of these continuous variables, and transformations were performed if warranted. The fit of the final multivariable logistic regression analysis was assessed using the Hosmer-Lemeshow goodness-of-fit test, and the discriminatory power was quantified by the c-index. The c-index, which equals the area under the receiver operating characteristics curve, ranges from 0.5 (performance at chance) to 1.0 (optimal performance). 23 We assessed the degree of overoptimism of the final multivariable logistic regression analysis by using the bootstrap method. First, covariates in the final regression models were fitted for each bootstrap sample. The original data set was then fitted using coefficients of the bootstrap sample model. Subsequently, a c-index statistic was generated from this fit on the original data set, and the degree of overoptimism was then estimated as the difference in the c-index statistic from the bootstrap sample and from the bootstrap model fit on the original sample. These differences were averaged across 1,000 bootstrapped samples, and the difference in the original model c-index statistic and the average optimism provided the model c-index corrected for overoptimism. 24, 25 In a subsequent analysis, a stepwise multivariable proportional odds model (ordinal logistic regression) testing variables with a P value less than 0.05 from the final multivariable logistic regression model was conducted to determine the association between postoperative nadir platelet counts and the different stages of postoperative AKI, respectively. The proportional odds assumption was assessed with a score test.
The Kaplan-Meier method was used to describe the unadjusted prognostic importance of nadir platelet counts and postoperative AKI with respect to event-free survival. Differences between survival curves were compared using the log-rank test. The Cox model proportional hazards assumption was evaluated by using the Kolmogorov-type supremum test on 1,000 simulated score process patterns. For variables with supremum test P value less than 0.5, we plotted the hazard ratio (HR) over time against the weighted Schoenfeld residuals. If a variable demonstrated significant nonproportional effects, we introduced time-varying covariates with cut points determined by maximizing the model partial log likelihoods and then fit separate hazard functions before and after the cut points. 26 Linearity of continuous variables was assessed via plots of Martingale residuals; and if a violation was identified, transformations were performed. Univariable and multivariable Cox proportional hazard regression models were then applied to assess the association of postoperative thrombocytopenia and AKI with mortality. If there is a potential for using time-varying covariates for variables that may have violated the proportional hazards assumption, the discriminatory ability and calibration of the final multivariable Cox regression model cannot be assessed because the hazard is not constant over time. In such instances, a multivariable regression model using a full set of clinical variables can be considered to adjust for all variables that may bias the estimate of the association between platelet counts and mortality.
A series of sensitivity analyses were also performed to determine whether the observed association between thrombocytopenia and outcomes was affected by changing the cutoff value for the definition of postoperative thrombocytopenia from the lowest 10th percentile to the standard clinical definition of less than 100 × 10 9 /l, 27 by excluding patients with preoperative serum creatinine greater than 2 mg/dl (greater than 180 μM) and preoperative platelet counts less than or equal to the lowest 10th percentile, by excluding patients from the association analysis for postoperative AKI who died within 10 days of surgery, and by excluding patients with heparin-induced thrombocytopenia (HIT). The presence of HIT was ascertained from reviewing the electronic medical recordkeeping system for postoperative progress notes for the diagnosis of HIT and by searching and identifying the Kertai et al.
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results of laboratory screening tests for a positive test result for detecting human platelet factor 4/heparin complex antibodies using the enzyme-linked immunosorbent assay. Odds ratios (ORs) or HRs and corresponding 95% confidence limits are reported. All analyses were performed by using the SAS Version 9.3 (SAS Institute Inc., USA).
Results
The 4,217 patients studied were separated into two groups according to the postoperative platelet counts: (1) the lowest 10th percentile or thrombocytopenic cohort (platelet counts ≤ 74 × 10 9 /l; n = 428), and (2) remaining patients (n = 3,789). The 25th and the 50th percentile (median) for postoperative nadir platelet counts were 96 × 10 9 /l and 121 × 10 9 /l, respectively. Figure 1 There were several notable differences between the groups, including age, female sex, medical history, comorbidities, previous and intraoperative cardiovascular medication use, and intraoperative characteristics.
Postoperative AKI
Given the definition we used for AKI, which had to occur within 10 days after surgery, eight patients who died within 10 days before developing AKI were excluded from our subsequent analysis for postoperative AKI. According to the Kidney Disease: Improving Global Outcomes criteria, 21 the overall incidence of postoperative AKI was 54% (n = 2,267), of which 87% (n = 1,976), 9.5% (n = 215), and 3.4% (n = 76) met criteria for stages I, II, and III AKI, respectively. In the thrombocytopenic cohort (n = 428), the incidence was 51% (n = 219), 13% (n = 57), and 7% (n = 30), whereas in the remaining population (90th percentile; n = 3,781), the incidence was 46% (n = 1,757), 4% 
Values are expressed as mean ± SD, median (interquartile range), or n (%). * The definitions of these risk factors were based on the definitions used by the EuroSCORE scoring system. 19 † Due to the missing numbers (%), preoperative medication use was computed for 418 patients in the 10th percentile group with a nadir platelet count of ≤ 74 × 10 9 /l and for 3,733 patients with a nadir platelet count of > 74 × 10 9 /l. EuroSCORE = European System for Cardiac Operative Risk Evaluation. PERIOPERATIVE MEDICINE values greater than 2 mg/dl, preoperative platelet count, preoperative hemoglobin, preoperative calcium-channel blockers, duration of CPB, intraoperative use of aprotinin, postoperative nadir hemoglobin, and erythrocyte transfusions (table 2) . After adjusting for differences in baseline and clinical characteristics, postoperative thrombocytopenia showed a strong association with postoperative AKI (table 2) . The multivariable logistic regression model for postoperative AKI showed good discriminative ability (c-index = 0.705). The degree of overoptimism was minimal (0.005), and the adjusted c-index became 0.703. The overall goodness-of-fit Hosmer-Lemeshow test showed a good fit (chi-square test = 8.34; P = 0.401). Multivariable analysis that incorporated postoperative platelet count as a continuous variable showed that, for every 30 × 10 9 /l decrease in platelet count, the risk for postoperative AKI increased by 14% (multivariable OR, 1.14; 95% CI, 1.09 to 1.20; P < 0.0001). Finally, a proportional odds model was analyzed in the 2,267 patients with postoperative AKI. The final multivariate model satisfied the score test of the proportionality assumption (P = 0.457) and had a fair c-index of 0.644. After adjusting for other clinical variables, patients with postoperative thrombocytopenia were more likely to progress to more severe postoperative AKI (OR, 3.04; 95% CI, 2.26 to 4.07; P < 0.0001; table 3).
Long-term Mortality
Patients were followed until November 9, 2011, and the median duration of follow-up was 5.11 yr (25th and 75th interquartile, 2.61 and 8.02). The incidence of overall allcause mortality was 26% (1,107 of 4,217), and 30-day mortality was 1.5% (65 of 4,217). Figure 1 compares the incidence of postoperative AKI and thrombocytopenia, with event-free survival during the follow-up period. Patients experiencing combined AKI and thrombocytopenia had the lowest event-free survival compared with patients who had either AKI or thrombocytopenia or who had neither AKI nor thrombocytopenia.
Our evaluation of proportionality indicated that the thrombocytopenia defined as postoperative nadir platelet counts less than or equal to 74 × 10 9 /l, and postoperative AKI variables were the only covariates demonstrating significant nonproportional hazards and time-varying effects. For thrombocytopenia, the residual plot and model likelihood analysis indicated a linearly declining log HR until 14 months (1.18 yr) and then a constant log HR for the remainder of follow-up (see fig. 3 , Supplemental Digital Content 1, http://links.lww.com/ALN/B227). There was a similar pattern observed for postoperative AKI with a linearly declining log HR until 18 months (1.51 yr) and then a constant log HR for the remainder of follow-up (see fig. 4 , Supplemental Digital Content 1, http://links. lww.com/ALN/B227). Our evaluation of linearity found that it was necessary to use a reciprocal transformation of the continuous measure of postoperative nadir platelet counts and the individual risk factors of EuroSCORE because no transformation of the EuroSCORE variable attained linearity. Univariable predictors of long-term mortality are shown in table 4. Again, many preoperative and intraoperative characteristics were associated with an increased risk for long-term mortality. The univariable analysis showed a significant association between postoperative thrombocytopenia and long-term mortality ( ,143 due to missing information (n = 66) on preoperative medication use. In addition, given the definition we used for acute kidney injury, which had to occur within 10 days after surgery, eight patients who died within 10 days before developing acute kidney injury were also excluded from the multivariable analysis. 18 yr) . Thereafter, the risk remained constant but was no longer significant (P = 0.332).
Sensitivity Analysis
In the current study, our decision to use the lowest 10% of postoperative nadir platelet counts was driven by our objective to characterize patients with the most profound postoperative thrombocytopenia. However, given the inherent bias associated with choosing our binary cutoff for postoperative thrombocytopenia, we also performed a sensitivity analysis with postoperative thrombocytopenia defined as nadir values less than 100 × 10 9 /l. Using this definition, 28% (n = 1,192) of the study cohort had postoperative thrombocytopenia. Our results indicated that postoperative thrombocytopenia defined as nadir values less than 100 × 10 9 /l remained a significant predictor of AKI (adjusted OR, 1.33; 95% CI, 1.12 to 1.57; P = 0.0011) and short-term mortality immediately after surgery (adjusted HR, 3.30; 95% CI, 2.30 to 4.73; P < 0.0001), which then decreased linearly by 37% every 6 months until 14 months (1.18 yr), but not for long-term mortality (P = 0.20). The significant differences in preoperative platelet counts and preoperative serum creatinine values observed between patients with and without postoperative thrombocytopenia Multivariable proportional odds model based on 2,267 patients who have postoperative acute kidney injury stage I, II, or III. Clinical variables with P < 0.05 from the final multivariable regression model for predicting postoperative acute kidney injury as a binary outcome variable were selected and tested in this model using a stepwise selection method. This model excluded cases without postoperative acute kidney injury because the score test (see Materials and Methods) indicated that testing for these patients violated the proportional odds assumption. This model gives odds ratios for increase in risk for worsening stages of postoperative acute kidney injury, i.e., from stage I to II, or from stage II to III, as defined by the Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines. 21 Fig. 1 . Kaplan-Meier estimates of long-term mortality in relation to postoperative thrombocytopenia and acute kidney injury (AKI). had the potential of creating a spurious association between postoperative thrombocytopenia and AKI. After excluding patients (5.7%; n = 241) with a preoperative platelet count less than or equal to 74 × 10 9 /l or serum creatinine greater than 2 mg/dl, we repeated our analysis within a sample of patients with normal preoperative platelet count and preoperative serum creatinine values. The results of the repeated analysis indicated that the association between postoperative thrombocytopenia and AKI (OR, 1.59; 95% CI, 1.24 to 2.05; P = 0.0003) and mortality immediately after surgery (adjusted HR, 5.48; 95% CI, 3.66 to 8.21; P < 0.0001) remained statistically significant, but not for long-term mortality (P = 0.84). The risk for short-term mortality decreased linearly by 52% every 6 months until 14 months after surgery (1.18 yr). Of the 4,217 subjects studied, 0.31% (n = 13) underwent treatment for postoperative HIT. To determine whether the association between postoperative thrombocytopenia and our study outcomes persisted, we repeated the analyses excluding patients with HIT. The association between postoperative thrombocytopenia and postoperative AKI (adjusted OR, 1.54; 95% CI, 1.20 to 1.98; P = 0.0007) and mortality immediately after surgery (adjusted HR, 5.27; 95% CI, 3.62 to 7.66; P < 0.0001) remained significant, but not for long-term mortality (P = 0.72). The risk for shortterm mortality decreased linearly by 50% every 6 months until 14 months (1.18 yr).
PERIOPERATIVE MEDICINE
Discussion
We found a significant association between postoperative nadir platelet counts and postoperative AKI. Importantly, the magnitude of the decreased platelet count correlated significantly with the severity of kidney injury as well as shortterm mortality.
Platelet activation is a key player in the pathogenesis of cardiovascular diseases including thrombotic events such as stroke and myocardial infarction, which can be mitigated by antiplatelet therapies. 28, 29 Nevertheless, in cardiac surgery, the primary concern related to platelet derangement continues to be focused on bleeding and not on thrombosis. Previously, we reported a reduction in both stroke and myocardial infarction with the use of aspirin early after CABG surgery. 30 Moreover, aspirin therapy was associated with a substantive reduction in AKI. 30 During and after CPB, complex pathophysiologic processes in both humoral and cellular processes occur that involve coagulation factors, platelets, fibrinogen, vascular endothelium, and leukocytes, which may promote a shift in risks from bleeding toward microthrombosis. [31] [32] [33] Available standard laboratory testing for platelet function and potential clinical detection of hemostatic derangements are relatively insensitive for monitoring platelet function in most postoperative settings. Furthermore, "in vitro" laboratory testing may not accurately mimic the complex "in vivo" hemostatic milieu with vascular and flow interactions. In certain perioperative conditions, a transition zone between bleeding-related and thrombosis-promoting coagulopathy is likely present, whereas in other settings bleeding and microthrombosis can occur concurrently, as observed in disseminated intravascular coagulation.
Platelets and AKI
Current perioperative views on thromboembolism and its definition generally apply to "macroembolism" such as pulmonary embolism and deep venous thrombosis. In cardiac surgery with CPB, the clinical importance of "microthrombosis" remains largely unappreciated although such pathophysiologic construct for ischemic injury is present, driven primarily by contact activation during and after CPB that can lead to formation of circulating microaggregates (adhesions among leukocytes, activated platelets, and endothelial cells). Along with persistent thrombin generation, microaggregates may produce ongoing microvascular plugging that manifests clinically as AKI, stroke, myocardial infarction, and gastrointestinal complications. 29, 34, 35 ,143 due to missing information (n = 66) on preoperative medication use. In addition, given the definition we used for acute kidney injury, which had to occur within 10 days after surgery, eight patients who died within 10 days before developing acute kidney injury were also excluded from the multivariable analysis. molecules may be involved in such ischemic injuries. Among these, the glycoprotein P-selectin is expressed in α-granules of resting platelets and is extruded to the surface when platelets become activated. [36] [37] [38] [39] Moreover, it is similarly expressed on activated leukocytes and on endothelial cells, facilitating microaggregate formation. 34, 40 Thrombocytopenia has often been cited as an indicator of critical illness severity, 41 and its association with HIT has been well described in the literature as immune mediated. 18, 42 The incidence of "clinical" HIT in our study was very low with only 13 patients (0.31%) receiving treatment for thrombosis-related complications. After excluding these patients from the analysis, our findings were unaltered.
The mechanism of postoperative AKI has not yet been characterized, particularly in the context of platelet and leukocyte interactions. Although we have reported a novel association between thrombocytopenia and postoperative AKI, we acknowledge that the causality remains uncertain. However, this recent finding, along with our previous report that end-organ complications are significantly reduced with aspirin therapy early after CABG surgery, could suggest a potential role for platelet-associated injury. 30 Whether preoperative antiplatelet therapy can reduce renal and other end-organ injury is an important question to address. In patients with known renal dysfunction (creatinine greater than 1.5 mg/dl), and who have urgent/emergent CABG surgery, Gerrah et al. 43 reported that continuing preoperative aspirin until the day of surgery was associated with lower serum creatinine and higher creatinine clearance on postoperative days 1 and 2 compared with patients who had aspirin withheld at least 1 week before surgery. Similarly, Cao et al. 44 recently reported that preoperative use of aspirin was associated with a 62 and 56% reduction in odds of postoperative renal failure and dialysis, respectively. Mangano 30 noted a 34% reduction in combined cerebral and renal outcomes. In our current study, use of preoperative aspirin was associated with a 21% reduction in mortality. In contrast, a recent publication on aspirin therapy in noncardiac surgery patients concluded that administration of aspirin preoperatively and early postoperatively had no significant effect on the rate of a composite of death or nonfatal myocardial infarction but increased the risk for major bleeding. 45 However, comparing this finding in noncardiac surgery to cardiac surgery with CPB is problematic, given the marked differences in hemostatic derangement, inflammatory response, and ischemiareperfusion injury that occur.
Thrombocytopenia and Survival after Surgery
A limited number of studies have investigated the association between postoperative decreases in platelet counts and mortality after cardiac surgery. Williamson et al., 17 as well as other investigators, found that, in medical and noncardiac surgery patients, thrombocytopenia as a time-dependent covariate was independently associated with mortality. Similarly, Glance et al. 46 recently reported that both preoperative thrombocytopenia and thrombocytosis were associated with reduced survival after surgery. According to our findings, postoperative thrombocytopenia was associated with shortterm mortality, but the risk decreased linearly during the first 14 months (1.18 yr) after surgery, but not after. Our study cannot establish a causal relationship between postoperative thrombocytopenia and mortality. However, our findings indicate that the effect of thrombocytopenia on end-organ injury such as AKI manifests early after cardiac surgery, and patients who survive the initial postoperative insult will have a better chance for long-term survival. However, some patients succumb to the consequences of the progression of the acute end-organ injury to chronic end-organ dysfunction. In support of the latter, our findings indicated that postoperative AKI was associated with an increased risk for early mortality, which then decreased linearly but remained constantly increased in the long term, suggesting that prolonged and incomplete recovery after AKI is a potentially significant contributor to the long-term risk for mortality and further that postoperative AKI is likely a surrogate for end-organ injuries. 47 
Limitations
Due to its retrospective design, our study has several limitations. First, information on some important clinical risk factors of postoperative AKI and mortality were not prospectively collected. In our study, electronic medical records and physician documentation were used as sources for additional data on the clinical risk factors, medication use, and laboratory data. Thus, the effect of some risk factors, medication use, and laboratory data may have been biased. Nevertheless, their predictive values were similar to those reported in current guidelines. 48 Second, this study was performed in a single tertiary center, which may limit the generalizability of our observations to other centers. However, the frequency of patients with postoperative thrombocytopenia, 49 AKI, 3 and mortality 50 observed in our study were similar to those reported from recent large-scale studies.
Third, similar to previous studies, 51, 52 our study showed that a lower preoperative hemoglobin concentration was an independent predictor of postoperative AKI and mortality. Indeed, the kidneys, especially in patients with a history of preexisting dysfunction, are more sensitive than other organs to the effects of lower hemoglobin concentrations, and thus, they act as a particularly sensitive and early indicator of ischemic injury, 51 which could indicate that the association between postoperative thrombocytopenia and AKI may be influenced by a subset of patients who present for cardiac surgery at a higher risk for developing AKI because of their preexisting anemia. Nevertheless, in our study, the interaction between preoperative hemoglobin concentration and postoperative nadir platelet counts was not significant (P = 0.507), indicating that a lower preoperative hemoglobin concentration did not influence the independent association Nadir Platelet Counts and Outcomes after CABG between postoperative thrombocytopenia and AKI. Factors identified that could have also influenced the course of postoperative platelet counts in our study include postoperative bleeding, systemic inflammatory response related to capillary leak, and compensatory fluid resuscitation. However, given the retrospective nature of our study, we were not able to investigate the influence of these factors on postoperative platelet counts.
Fourth, protocols were not used to guide transfusions or anticoagulation therapies perioperatively. Also, testing for HIT was left to the discretion of the intensive care unit team. 42, 53, 54 Although antiplatelet factor 4 antibodies are common after CPB, approximately 3% of patients develop true HIT based on thrombotic sequel or serotonin-release assay. 55 As noted by Selleng et al., 49 early-onset and persisting thrombocytopenia in cardiac surgery patients is seldom caused by HIT. The temporal pattern of HIT, an immune-mediated thrombocytopenia, generally begins 5 to 10 days after heparin exposure. 56 Finally, due to the nature of this study, assumptions about the cause of postoperative thrombocytopenia cannot be made. However, in critically ill patients, a similar association between thrombocytopenia and outcome has been observed, and the decrease in platelet count has been attributed to increased destruction, hemodilution, sequestration, or decreased production. 17, 18 We have previously shown a significant association between leukocyte and platelet activation and ischemic complications after cardiac surgery, 34 indicating the relevance of platelet activation and the resultant platelet consumption as a possible cause of the observed thrombocytopenia. But, as we did not measure markers of inflammation and microthrombosis in this current study, future studies that are prospective in design and of sufficient size are needed to define the context of platelet activation, thrombocytopenia, and inflammationrelated ischemic complications in CABG surgery.
In summary, our findings suggest an independent association between postoperative nadir platelet counts and AKI and short-term mortality after CABG surgery, suggesting platelet-related ischemic complications.
